Further, if there are no body forces, u, v, w satisfy the equations If the solid is subject to external forces and if the external force applied to the element dS of the surface z =o has components XdS, YdS, ZdS, X , Y , Z being functions of x and y, then the boundary conditions are It is known * that the solution appropriate to the case in which X = Y = o and the external force is perpendicular to the boundary surface can be expressed in terms of a function, x, satisfying v2x =o, vanishing when
x + 00 and such that
The solution is
In cylindrical co-ordinates the 'displacements are
The analogous solution for the case in which tangential stress with components X and Y acts on the surface x =o is not used in solving the main problem of this paper, but it may be useful to give the solution here as it is not to be found in this form in Love's treatise. In polar co-ordinates, with ll and Q, for the radial and tangential components of the traction, the components of displacement are given by whilst 4 and $' satisfy the conditions and 3. Strains assocded with a Nucleus.-We consicdr a nucleus of strain such that the dilatation is negative in one pair of opposite quadrants, positive in the other, with symmetry about a horizontal plane.* In the first instance we take the origin of co-ordinates at the nucleus and write r for the distance from that origin, the solid being unbounded.
The conditions, including Va(A) = 0, are satisfied by
The constant A is taken as unity in the following analysis. where Ra = xa +y* + ba.
The total stresses over z =o are to vanish. Let us superimpose on the system. already considered the strains and stresses due to a virtual nucleus at 0, 0, -b, the strength and orientation of this virtual nucleus being the same as those of the real nucleus. The horizontal components of the stresses over z =O cancel but the value of 53 Dr. F. 3. W. Whipple, On the Theory of the 3, 9 is doubled. To secure equilibrium over the surface we must superimpose yet another system, such that xybs xy z z = 4 p 54-
This is analytically equivalent to determining the displacements corresponding with a given distribution of pressure over the surface. The displacements can be derived as in (2.5) from a function x defined by where and
To determine x1 we note that xy(z + b), where r is now given by Thus the surface displacements due to the system of stresses (3.3) are, by (2.71,
To these must be added the displacements corresponding with (3.2), taken twice (or cancelled) to allow for the virtual nucleus, viz.
It is rather surprising how much the resulting expressions can be simplified. The total displacements are given by the equations. These equations may be written
The values of U& V,/C, and W,/C are graphed in fig. I , C being written It will be noticed that U, and V , do not change sign as R increases, for A/ba.
whereas W, vanishes and changes sign for R = 4 1 # , w =4.02b. The greatest tangential displacement is 1.145, ~93, and -77 respectively. about one-fifth of the greatest radial displacement, and the greatest vertical displacement is 75 per cent. of the greatest radial displacement.
In this diagram the direction and the relative magnitude of the horizontal displacement are indicated by the arrows. The vertical displacement is upwards wherever
The displacements are also illustrated in fig. 2. the radial displacement is outwards except beyond the circle rn =402b, where the vertical displacement is reversed. The inner curves bound the areas in which the vertical displacement exceeds one-quarter of its maximum value.
4.
The system of stresses and strains which has been discussed theoretically is that which would be produced if, in a solid with a flat surface and no internal strains (beyond those due to the uniform action of gravity), a nucleus of the particular type could be created. If such a nucleus were annihilated the displacements which would occur would be equal in magnitude and opposite in sign to the calculated displacements. This is of course on the assumption that the strains do not exceed the elastic limit.
In considering the relation of the theory to the phenomena of earthquakes we assume that the rocks are subject to stresses under which fracture or Dr. S. F. Grace, Friction in the 3, 9 slipping eventually occurs at a certain point, the focus. The surrounding rocks accommodate themselves to the new position of the rocks near the focus. The movements must be analogous to those which would be produced by the annihilation of the hypothetical nucleus of strain.
It is to be noted, however, that, whereas in the theory the elastic limits are not exceeded, in practice fractures occur. It may be that the fractures are in some cases confined to surface rocks, which are much weaker than the deeper ones.
For comparison with the theory a critical examination of the observations of change level and of horizontal displacement produced by earthquakes in various parts of the world is desirable. Some of the instances cited by Honda and Miura are in fair agreement with the results of the calculations in the present paper, but I am not certain whether their diagrams are to be regarded as largely hypothetical or as representations of adequate surveys.
Further theoretical work is called for. In the case which has been investigated there are two planes of maximum shearing stress. On the other hand in actual earthquakes faults develop in one direction rather than in two directions at right angles. It is proposed to consider other types of nucleus of strain and to develop the appropriate theory.
Summary.-In the theoretical part of the paper the distribution of strain in a semi-infinite solid is discussed on the supposition that the solid is homogeneous, that there are no external forces and that the strains in the immediate neighbourhood of an internal nucleus are of a specified type. Formulae are given for the displacements of the surface. It is found that elevation of the surface is associated with radial displacement outwards from a central point and depression with displacement inwards. The bearing of this theory on seismology is briefly discussed. I. In 1920 G. I. Taylor * determined the total rate of dissipation of energy by friction in the Irish Sea, taking sections at the two entrances and using tidal data to calculate the friction, and obtained the value 1530 ergs per second per area of the bottom. If the friction per area of the bottom is assumed to be of the form K p P , where K is a constant, p the density and V the mean speed of the current, the corresponding value of K is 0.0024. This would apply to the Irish Sea as a whole, but the value of K might be greater in a shallow estuary. * G. I. Taylor, "Tidal Friction in the Irish Sea," Phil. Trans. Roy. SOC., A,
